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(54) System and method for interconnecting composite structures

(57)  System (1)and method forinterconnecting com-
ponents (C1, C2) in a vehicle body structure (S), and
especially for interconnecting fibre-reinforced composite
components in a fuselage structure (F) of an aircraft (A).
The system (1) comprises: a first adapter member (10)
having a first mating portion (11) configured to substan-
tially conform with a profile (P1) of a first component (C1)
of the structure (S) in more than one plane, and a first
attachment portion (13) connected to the first mating por-

tion (11); a second adapter member (20) having a second
mating portion (21) configured to substantially conform
with a profile (P2) of a second component (C2) of the
structure (S) in more than one plane, and a second at-
tachment portion (23) connected to the second mating
portion (21); and a connector member (30) to securely
interconnect the first and second attachment portions
(13, 23) of the firstand second adapter members (10, 20).
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Description

[0001] The present invention relates to a system and
a method for interconnecting composite structures, es-
pecially for use in the fabrication of a vehicle chassis or
body structure formed from composite components, such
as fibre-reinforced polymer composite components. In
addition, the invention relates to a composite structure,
especially a chassis or body structure for a vehicle, such
as an aircraft or spacecraft, fabricated using such a sys-
tem and/or method.

[0002] Construction techniques employed today in the
fabrication of vehicle body structures, especially in the
hull or fuselage structures of aircraft or spacecraft, are
often modular in nature and involve construction of dis-
crete modules or units, which are then joined or intercon-
nected with one another. As the construction of entire
fuselage structures for aircraft and spacecraft is now be-
ing pursued in composite materials, especially fibre-re-
inforced polymer composites such as carbon fibre-rein-
forced polymer (CRFP), to reduce overall mass, a satis-
factory and reliable interconnection of the modules or
units in such a modular structure is critical. In this regard,
rigidity and integrity of a modern composite material fu-
selage structure is typically provided by elongate and lon-
gitudinally extending stringer profiles, such as cap pro-
files or Q profiles, which also support the fuselage skin.
Currently, the technique of creating a splice or join be-
tween two modules in a composite fuselage structure
involves interconnecting the footings or flanges of re-
spectively aligned, longitudinally extending stringer pro-
files of each module. In particular, the splice or join is
made by arranging elongate coupling elements in the
form of rigid flat strips to span between the modules and
rigidly attaching respective the ends thereof to the foot-
ings or flanges of the aligned stringer profiles. A disad-
vantage of this technique, however, is that it is not opti-
mized for strength and weight-saving potential.

[0003] Itis therefore an object of the present invention
to provide a new and improved system and method for
the interconnection of composite structures, particularly
vehicle body structures produced from fibre-reinforced
polymer composite components.

[0004] In accordance with the invention, a system and
amethod asrecited in claim 1 and claim 11, respectively,
are provided for interconnecting composite structures,
especially vehicle body structures fabricated from fibre-
reinforced polymer composite components. Also, in ac-
cordance with the invention, a composite structure, such
as vehicle body structure (e.g. a hull or fuselage structure
for an aircraft or spacecraft), as recited in claim 15 is also
provided. Preferred features of the invention are recited
in the dependent claims.

[0005] According to one aspect, therefore, the inven-
tion provides a system for interconnecting components
in a structure, such as fibre-reinforced composite com-
ponents in a fuselage structure of an aircraft, comprising:
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a first adapter member having a first mating portion
configured to substantially conform with a profile of
a first component of the body structure in more than
one plane, and a first attachment portion connected
to the first mating portion;

a second adapter member having a second mating
portion configured to substantially conform with a
profile of a second component of the body structure
in more than one plane, and a second attachment
portion connected to the second mating portion; and
a connector member for rigidly interconnecting the
first and second attachment portions of the first and
second adapter members.

[0006] Thus, the first and second adapter members
each have a mating portion which substantially conforms
to a profile of the respective first and second structural
components in more than one plane. In this way, the mat-
ing portions of the adapter members essentially follow
the shape or profile of the respective structural compo-
nents to provide significantly enhanced force transfer be-
tween the structural components. In the case of the struc-
tural components representing stringers extending lon-
gitudinally in a fuselage structure, the forces are thus not
merely directed via footings or flanges of the stringers,
but rather over a much more significant portion of the
stringer profile from a structural point of view, thus making
the interconnection substantially more efficient.

[0007] In a preferred embodiment of the invention, the
first mating portion substantially conforms with an outer
profile of the first component in more than one plane,
and/or the second mating portion substantially conforms
with an outer profile of the second component in more
than one plane. To this end, the first mating portion is
desirably adapted for connection with the first component
over substantially conforming surfaces and the second
mating portion is desirably adapted for connection with
the second component over substantially conforming
surfaces thereof. In particular, the first mating portion
may sit upon and substantially match an outer surface
of the first component, whereas the second mating por-
tion may sit upon and substantially match an outer sur-
face of the second component. In the case of the struc-
tural components representing aligned cap-profile or Q-
profile stringers in a fuselage structure, the first and sec-
ond mating portions of the adapter members may be con-
figured to essentially conform to or match the cap- or Q-
profiles of the stringers.

[0008] Ina particularly preferred embodiment, the con-
nection of the substantially conforming surfaces of the
first mating portion and the first component is a bonded
or cured connection, and preferably over a full extent of
those surfaces. Similarly, the connection between the
substantially conforming surfaces of the second mating
portion and the second component is desirably a bonded
or cured connection, again preferably over a full extent
of those surfaces. Thus, the first and second mating por-
tions of the first and second adapter members may be
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respectively configured to conform essentially fully with
the outer profiles of the first and second components. As
noted above, either or both of the first component and
the second component may be an elongate channel sec-
tion, such as a cap profile or an Q profile, or may alter-
natively be any one of an elongate L section, T section
or Z section. In this regard, the first component and the
second component may have profiles that differ from one
another.

[0009] Inapreferred embodiment, the connector mem-
ber is configured to substantially conform to a profile or
a surface of the first and second attachment portions in
atleastone plane, and preferably in more than one plane.
In this regard, either or both of the first and second at-
tachment portions of the respective adapter members
may preferably have an L-shaped, a T-shaped (e.g. in-
verted) or a Z-shaped profile. The connector member,
on the other hand, is preferably any one of a flat or plane
elongate member, an elongate L-section, an elongate C-
section or an elongate Z-section. Furthermore, the con-
nector member may be desirably configured to be rigidly
secured to the first and second attachment portions of
the first and second adapter members by fasteners, such
as rivets. The first adapter member and the second
adapter member are preferably comprised of a compos-
ite material, more preferably a fibre-reinforced polymer
composite, such as a carbon-fibre reinforced polymer
(CFRP) material. Of course, other types of fibre, like glass
or aramid, may also be used. In this way, the first and
second adapter members may be comprised of a same
composite material as the first and second components
they are interconnecting. The connector member, on the
other hand, may be comprised of a different material,
such as a metal, like aluminium or titanium.

[0010] According to another aspect, the invention pro-
vides a method of interconnecting composite compo-
nents in a structure, such as fibre-reinforced polymer
composite components in a hull or fuselage structure of
an aircraft, the method comprising the steps of:

connecting a first mating portion of a first adapter
member with a profile of a first component of the
structure over surfaces thereof that substantially
conform in more than one plane;

connecting a second mating portion of a second
adapter member with a profile of a second compo-
nent of the structure over surfaces thereof that sub-
stantially conform in more than one plane; and
securely interconnecting the first and second adapt-
er members via a connector member.

[0011] In a preferred embodiment of the invention, the
first mating portion is connected with an outer profile of
the first component, and/or the second mating portion is
connected with an outer profile of the second component.
[0012] Inanespecially preferred embodiment, the step
of connecting the substantially conforming surfaces of
the first mating portion and the first component and/or
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the step of connecting the substantially conforming sur-
faces of the second mating portion and the second com-
ponent comprises bonded or curing, preferably over a
full extent of the said surfaces. In this regard, if the first
and second adapter members are comprised of a fibre-
reinforced polymer composite that is the same as, or
compatible with, the fibre-reinforced polymer composite
of the first and second components, respectively, the
bonding or co-curing of the respective mating portions
with each of the components should be relatively straight-
forward. The bonding may be achieved with an adhesive
or co-reactive epoxy suited to the particular composite
material (e.g. CFRP) of the first and second adapter mat-
ing portions and the first and second components, re-
spectively.

[0013] Inaparticularly preferred embodiment, the step
of rigidly interconnecting the first and second adapter
members includes fastening the connector member to
first and second attachment portions of the respective
first and second adapter members in at least one plane,
and preferably in more than one plane, via fasteners,
such as rivets.

[0014] According to a further aspect of the invention,
a vehicle, such as an aircraft or spacecraft, is provided
having a body structure (e.g. hull or fuselage structure)
that incorporates a system for interconnecting compo-
nents of the body structure according to any one of the
embodiments described above. In particular, the fuse-
lage structure may include a number of fuselage units or
modules serially arranged along the length of the fuse-
lage, and each pair of adjoining fuselage units ormodules
is interconnected at aligned longitudinally extending
stringers of those adjoining fuselage units or modules via
a system of the invention according to any of the embod-
iments described above.

[0015] For a more complete understanding of the
presentinvention and the advantages thereof, exemplary
embodiments of the invention are explained in more de-
tail in the following description with reference to the ac-
companying drawings, in which like reference characters
designate like parts and in which:

Fig. 1 isaperspective view of part of a hull or fuselage
structure of an aircraft that has fibre-reinforced
polymer composite components and incorpo-
rates a system for interconnecting the compo-
nents according to an embodiment of the inven-
tion;

is a schematic illustration of an aircraft which is
fabricated using a method and system accord-
ing to an embodiment of the invention; and

Fig. 2

Fig. 3 isaflow diagram that schematically represents
a method according to an embodiment of the
invention.

[0016] The accompanying drawings are included to
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provide a further understanding of the present invention
and are incorporated in and constitute a part of this spec-
ification. The drawings illustrate particular embodiments
of the invention and together with the description serve
to explain the principles of the invention. Other embodi-
ments of the invention and many of the attendant advan-
tages of the invention will be readily appreciated as they
become better understood with reference to the following
detailed description.

[0017] It will be appreciated that common and well un-
derstood elements that may be useful or necessary in a
commercially feasible embodiment are not necessarily
depicted in order to facilitate a more abstracted view of
the embodiments. The elements of the drawings are not
necessarily illustrated to scale relative to each other. It
will further be appreciated that certain actions and/or
steps in an embodiment of a method may be described
or depicted in a particular order of occurrences while
those skilled in the art will understand that such specificity
with respect to sequence is not necessarily required. It
will also be understood that the terms and expressions
used in the present specification have the ordinary mean-
ing as is accorded to such terms and expressions with
respect to their corresponding respective areas of inquiry
and study, except where specific meanings have other-
wise been set forth herein.

[0018] Referring firstly to Fig. 1 of the drawings, an
embodiment of a system 1 for interconnecting fibre-rein-
forced composite components C1, C2 in a structure S is
illustrated. In this particular embodiment, the system 1
comprises a first adapter member 10 for connection to
the first component C1, a second adapter member 20 for
connection to the second component C2 and a connector
member 30 for rigidly interconnecting the first and second
adapter members 10, 20. The system 1 of this embodi-
ment is especially applicable to the interconnection of
structural components C1, C2 at an interface | of adjoin-
ing modules in a vehicle body structure S, such as a
fuselage structure F of an aircraft A, as shown in Fig. 2.
[0019] In this particular example, the first structural
component C1 is in the form of an elongate stringer com-
ponent having a cap profile or an omega (Q2) profile P1.
As persons skilled in the art will appreciate, the term "pro-
file" is a reference to the cross-sectional shape of the
component in a plane transverse or perpendicular to a
longitudinal extent of that component, and is also under-
stood as the "section" of the component.

[0020] The first adapter member 10 includes a first
mating portion 11 which is configured to substantially
conform with an outer profile P1 of the first component
C1. In other words, the first mating portion 11 presents
surfaces which substantially conform to, match, or follow
the outer surfaces of the first component C1. Accordingly,
the first mating portion 11 has a corresponding cap, chan-
nel or omega (Q) profile which sits fittingly or snuggly
over the outer profile P1 of the first component C1. Fur-
ther, because the first adapter member 10 is formed from
the same fibre-reinforced polymer material (e.g. a CRFP)
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as the component C1, the first mating portion 11 may be
readily bonded or fused to the outer surface profile P1 of
the first component C1 in a co-curing or co-bonding pro-
cedure as will be understood by persons skilled in the
art. To this end, adhesive bonding using a suitable ad-
hesive, e.g. contact or epoxy adhesive, would also be
suitable.

[0021] Similarly, itwillbe noted thatthe second adapter
member 20 includes a second mating portion 21 which
is also configured to substantially conform with an outer
profile P2 of the second component C2. In particular, the
second component C2in thisembodimentis alsoan elon-
gate stringer having a cap or omega (Q) profile which is
aligned with, and essentially corresponds to, the profile
P1 of the first component C1. Thus, the second mating
portion 21 is also configured to fit snugly over and follow
the outer surfaces of the profile P2 of the second com-
ponent C2 to which it is likewise bonded or fused, e.g.
via a co-curing or co-bonding of corresponding fibre-re-
inforced polymer materials, over the full extent of the con-
forming surfaces.

[0022] Returning to a consideration of the first adapter
member 10, it will be seen that the first mating portion 11
interfaces or connects with a transition portion 12, in
which a cross-section of the first adapter member 10
changes or varies in a longitudinal direction of the struc-
tural components C1, C2. In particular, the transition por-
tion 12 of the first adapter member 10 is designed such
that a width of the central cap or channel section tapers
and undergoes a transition to a T-profile or section (i.e.
an inverted T-profile or section), which itself forms a first
attachment portion 13 of the first adapter member 10. As
is also apparent from drawing Fig. 1, the second adapter
member 20 similarly incorporates a second transition
portion 22, with which a profile or cross-section also pro-
gressively tapers or changes in a direction parallel to a
longitudinal extent of the structural components C1, C2.
The second transition portion 22 can thereby also provide
agradual change ortransition in a profile or cross-section
of the second adapter member 20 tapering down from a
channel or cap-profile of the mating portion 21 to a T-
shaped profile or section of a corresponding second at-
tachment portion 23.

[0023] To complete the interconnection of the structur-
alcomponents C1, C2 using the system 1 of this invention
ataninterface | between the modules or units of the struc-
ture S, a connector member 30 in the form of an L-shaped
section or profile is provided. The connector member 30
is configured to securely and/or rigidly interconnect the
first and second attachment portions 13, 23 of the first
and second adapter members 10, 20. In this regard, the
L-shaped connector member 30 presents both horizontal
and vertical surfaces which match or conform to respec-
tive surfaces ofthe T-profile attachment portions. Accord-
ingly, a first end region 31 of the connector member 30
is rigidly connected with the first attachment portion 13
of the first adapter member 10 via rivets 33 and a second
end region 32 of the connector member 30 is similarly
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rigidly connected or fixed to the second attachment por-
tion 23 of the second adapter member.

[0024] In this way, the system 1 of this embodiment
provides direct and highly efficient transfer of forces be-
tween the first and second structural components C1, C2
by utilizing the entire cross-section of the structural com-
ponents. This, in turn, enables a weight-optimized solu-
tion by incorporating fibre-reinforced polymer composite
elements in the interconnection system 1 corresponding
to the materials of the components C1, C2in the structure
S itself.

[0025] With reference now to Fig. 3 of the drawings, a
method of interconnecting the first and second compo-
nents C1, C2 in the structure S (e.g. the fuselage F of an
aircraft A) according to the invention is illustrated sche-
matically, with numbered boxes | to IV of the diagram
representing various steps of the method. The first box
I represents the step of connecting the first mating portion
11 of the first adapter 10 with the profile P1 of the first
component C1 of the structure S over the substantially
conforming surfaces thereof. In Fig. 3 the second box Il
represents the step of connecting the second mating por-
tion 21 of the second adapter member 20 with the profile
P2 of the second component C2 of structure S over the
substantially conforming surfaces thereof. In each case,
the connecting steps of box | and box Il will typically in-
volve surface bonding (e.g. adhesive bonding) or co-cur-
ing of the first and second mating portions 11, 21 with
the respective profiles P1, P2 of the firstand second com-
ponents C1, C2. The third box Il represents the step of
positioning the connector member 30 between the at-
tachment portions 13, 23 of respective first and second
adapter members 10, 20, whereby the connector mem-
ber 30 presents surfaces that conform with each of the
attachment portions 13, 23 in at least one plane, and
preferably in multiple planes. (In the example of Fig. 1,
the L-shaped profile of the connector member 30 sub-
stantially conforms to the T-profile attachment portions
13, 23 in two planes). The fourth box IV of Fig. 3 repre-
sents the steps of rigidly securing or fixing the first end
31 of the connector member 30 to the first attachment
portion 13 and rigidly securing or fixing the second end
32 of the connector member 30 to the second attachment
portion 23. Inthis regard, the fixing of the connector mem-
ber 30 with each of the first and second adapter members
10, 20 is typically via fasteners, such as rivets 33.
[0026] Although specific embodiments of the invention
have been illustrated and described herein, it will be ap-
preciated by those of ordinary skill in the art that a variety
of alternate and/or equivalent implementations exist. It
should be appreciated that the exemplary embodiment
or exemplary embodiments are only examples, and are
not intended to limit the scope, applicability, or configu-
ration in any way. Rather, the foregoing summary and
detailed description will provide those skilled in the art
with a convenient road map for implementing at least one
exemplary embodiment, it being understood that various
changes may be made in the function and arrangement
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of elements described in an exemplary embodiment with-
out departing from the scope as set forth in the appended
claims and their legal equivalents. Generally, this appli-
cation is intended to cover any adaptations or variations
of the specific embodiments discussed herein.

[0027] In this document, the terms "comprise”, "com-
prising", "include", "including", "contain", "containing",
"have", "having", and any variations thereof, are intended
to be understood in an inclusive (i.e. non-exclusive)
sense, such that the process, method, device, apparatus
or system described herein is notlimited to those features
or parts or elements or steps recited but may include
other elements, features, parts or steps not expressly
listed or inherent to such process, method, article, or ap-
paratus. Furthermore, the terms "a" and "an" used herein
are intended to be understood as meaning one or more
unless explicitly stated otherwise. Moreover, the terms
"first", "second", "third", etc. are used merely as labels,
and are not intended to impose numerical requirements
on or to establish a certain ranking of importance of their
objects.

List of Reference Signs
[0028]

1 system

10 first adapter member

11 first mating portion

12 first transition portion

13 first attachment portion

20 second adapter member

21 second mating portion

22 second transition portion

23 second attachment portion
30 connector member

31 first end region

32 second end region

33 rivet

S structure

| interface between adjoining modules or units
C1 first component

C2  second component

P1 profile of first component

P2 profile of second component

A aircraft
F fuselage
Claims

1. A system (1) for interconnecting components (C1,
C2) in a vehicle structure (S), and especially fibre-
reinforced composite components in a fuselage
structure (F) of an aircraft (A), comprising:
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afirstadapter member (10) having a first mating
portion (11) configured to substantially conform
with a profile (P1) of a first component (C1) of
the structure (S) in more than one plane, and a
first attachment portion (13) connected to the
first mating portion (11);

a second adapter member (20) having a second
mating portion (21) configured to substantially
conform with a profile (P2) of a second compo-
nent (C2) of the structure (S) in more than one
plane, and a second attachment portion (23)
connected to the second mating portion (21);
and

a connector member (30) to securely intercon-
nect the first and second attachment portions
(13, 23) of thefirstand second adapter members
(10, 20).

A system (1) according to claim 1, wherein the first
mating portion (11) substantially conforms with an
outer profile (P1) of the first component (C1) in more
than one plane, and/or wherein the second mating
portion (21) substantially conforms with an outer pro-
file (P2) of the second component (C2) in more than
one plane.

A system (1) according to claim 1 or claim 2, wherein
the first mating portion (11) is adapted for connection
with the profile (P1) of the first component (C1) over
substantially conforming surfaces thereof, and
wherein the second mating portion (21) is adapted
for connection with the profile (P2) of the second
component (C2) over substantially conforming sur-
faces thereof.

A system according to claim 3, wherein the connec-
tion between the substantially conforming surfaces
ofthefirstmating portion (11) and the first component
(C1) is a bonded or cured connection, preferably
over a full extent of the said surfaces, and wherein
the connection between the substantially conforming
surfaces of the second mating portion (21) and the
second component (C2) is a bonded or cured con-
nection, preferably over a full extent of the said sur-
faces.

A system according to any one of claims 1 to 4,
wherein the first mating portion (11) is configured to
conform substantially fully with the outer profile (P1)
of the first component (C1), and/or wherein the sec-
ond mating portion (21) is configured to conform sub-
stantially fully with the outer profile (P2) of the second
component (C2).

A system according to any one of claims 1 to 5,
wherein either or both of the first component (C1) or
the second component (C2) is an elongate channel
section, such as a cap profile or an Q profile, or any
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10.

1.

12.

one of an elongate L section, T section or Z section.

A system according to any one of claims 1 to 6,
wherein the connector member (30) is configured to
substantially conform with a profile or a surface of
the first and second attachment portions (13, 23) in
at least one plane, and preferably in more than one
plane.

A system according to any one of claims 1 to 7,
wherein one or both of the first and second attach-
ment portions (13, 23) has an L-shaped, T-shaped
or Z-shaped profile.

A system according to any one of claims 1 to 8,
wherein the connector member (30) is any one of a
flat plane member or an elongate L-section, C-sec-
tion or Z-section, and wherein the connector member
(30) is configured to be rigidly secured to the first
and second attachment portions (13, 23) of the first
and second adapter members (10, 20) by fasteners,
such as rivets.

A system according to any one of claims 1 to 9,
wherein the first adapter member (10) and the sec-
ond adapter member (20) are comprised of fibre-
reinforced composite material, e.g. carbon fibre re-
inforced polymer, and/or wherein the connector
member (30) is comprised of a metal such as alu-
minium or titanium.

A method of interconnecting components (C1, C2)
in a vehicle body structure (S), such as fibre-rein-
forced composite components in a fuselage struc-
ture (F) of an aircraft (A), the method comprising the
steps of:

connecting a first mating portion (11) of a first
adapter member (10) with a profile (P1) of a first
component (C1) of the body structure (S) over
surfaces thereof that substantially conform in
more than one plane;

connecting a second mating portion (21) of a
second adapter member (20) with a profile (P2)
of a second component (C2) of the body struc-
ture (S) over surfaces thereof that substantially
conform in more than one plane; and

rigidly interconnecting first and second attach-
ment portions (13, 23) of the first and second
adaptermembers (10, 20) via a connector mem-
ber (30).

A method according to claim 11, wherein the first
mating portion (11) is connected with an outer profile
(P1) of the first component (C1), and/or the second
mating portion (21) is connected with an outer profile
(P2) of the second component (C2).
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A method according to claim 12, wherein the step of
connecting the substantially conforming surfaces of
the first mating portion (11) and the profile (P1) of
the first component (C1) and/or the step of connect-
ing the substantially conforming surfaces of the sec-
ond mating portion (21) and the profile (P2) of the
second component (C2) comprises bonding or cur-
ing, preferably over a full extent of the said surfaces.

A method according to any of claims 11 to 13, where-
in the step of rigidly interconnecting the first and sec-
ond adapter members (10, 20) comprises fastening
the connector member (30) to the first and second
attachment portions (13, 23) in at least one plane,
and preferably in more than one plane, via fasteners
such as rivets.

An aircraft (A) having a fuselage structure (F) which
incorporates a system (1) for interconnecting com-
ponents (C1, C2) of the fuselage structure (F) ac-
cording to any one of claims 1 to 10.
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